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Abstract 
Energy efficiency techniques is a important subject for Wireless Sensor Networks (WSNs), that have received extensive attention from 
academic and industrial societies to reduce energy consumption and improve network lifetime. The network coding methods is one of the 
techniques that can help to improve some issues of WSNs such as load balancing, reliability and lifetime. This paper proposes a coding 
solution as an algorithm for reducing energy consumption in WSNs to prolong the lifetime. Simulation results show that the proposed 
algorithm increases network throughput and energy efficiency. 
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1. Introduction 
Wireless sensor networks (WSNs) made up of many small, inexpensive distributed sensor nodes. WSNs are important for a 
number of pervasive applications such as target detection, surveillance, and localization. The sensors are often powered by 
battery, and energy-efficient operations are critical to prolong the lifetime of the connections. Designing an energy-efficient and 
maximizing the lifetime of such networks is a challenging issue1. 
Network coding has emerged as a potentially powerful tool for the design of communication networks and has been widely 
studied since its introduction. Recently, network coding was emerged by wireless networks. However, in wireless network 
systems, intermediate nodes have a low complexity limit their network coding manipulations to the binary field, and as a result all 
coding operations are restricted to XOR-ing of bits. The establishment of a network-coding-based-multicast connection can be 
decomposed into two phases: routing (determining which links and how much bandwidth resource will be used) and coding 
solution construction (defining the operation function for each node on the selected multicast route)2. 
In this paper, at first, we present an energy-efficient algorithm for linear network coding coefficient selection in multicast 
networks. Then, we propose a solution to ensure that the sinks have the ability to decode data. Finally, our proposed algorithm is 
compared with the similar network coding scheme and routing without coding. In this comparison, parameters such as transmit 
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power, number of nodes in network, and message interval is used. Simulation results show that our proposed algorithm has better 
performance compared with similar network coding scheme and routing without coding. 
The rest of the paper is organized as follows: related work is studied in Section 2. Section 3 describes proposed algorithm, and 
performance evaluation is described in Section 4 and finally Section 5 shows conclusions and feature works.  
2. Related Work 
Ahlswede et al.showed that with network coding, a source can multicast information at a rate approaching the smallest 
minimum cut between the source and any receiver. Linear coding can be used for multicasting with rate and finite alphabet size 3. 
Koetter and Médard4, 5 give an elegant algebraic characterization of the linear coding schemes that achieve the max-flow min-cut 
bound. They show that finite fields (FFs) of size are sufficient and give a polynomial time algorithm to verify a given linear 
network coding scheme. However, their algorithm for constructing coding schemes involves checking a multivariate polynomial 
identity with an exponential number of coefficients. 
The important issue of network code design is to select coding coefficients. A simple algorithm is to have each node in the 
network select uniformly at random the over the field ܨʹs, in a completely independent and decentralized manner. With random 
network coding, there is a certain probability of selecting linearly dependent combinations 6. 
 It is shown that even for small field sizes this probability becomes slight7. However, deterministic algorithms to design 
network codes can be used. A polynomial-time algorithm for multicasting was proposed in 8, progressively check nodes of the 
network, and choose what linear combinations each node utilize. Since nodes use fixed linear coefficients, the message only need 
to move the information vector.  
There also exist deterministic decentralized algorithms that apply to restricted families of network configurations 9.Authors of 
10,11 study on the minimum-energy multicast trees. Their study of the problem of ﬁnding a set of relaying nodes and their 
respective power levels, such that all nodes in receiving the message, whereby the total energy consumption for the task is 
minimized.  
However, the problem of constructing a minimum-energy multicast tree in a wireless ad-hoc network is NP-hard 10, 11.An 
important benefit of network coding is energy saving and throughput for a single multicast session in wireless networks. Author 
of 12, 13 investigate on the benefit of network coding in terms of reducing the number of transmissions of a broadcast session that 
achieve the factors of 2 and 4/3. They presented an energy-efficient algorithm for linear network coding coefficient selection in 
multicast networks and presented a solution to ensure that the sinks have the ability to decode data. Their proposed algorithm was 
compared with the similar network coding scheme and routing without coding. In this comparison, parameters such as transmit 
power, number of nodes in network, and message interval is used. Simulation results show that proposed algorithm has better 
performance compared with similar network coding scheme and routing without coding. 
In 14, Khalily et al. stated a theoretical determination of the achievable maximum multi-cast-information flow for various 
topology control mechanisms. Their simulation results demonstrated topology control mechanisms decrease both energy 
consumption and maximum-information flow. Note, maximum multi-cast-information-flow can be obtained by network coding 
approach. Khalily et al. proposed a joint optimal design of topology control and network coding in 15. They formulated the 
problem of topology control in network-coding-based-multi-cast WSN with the delay and reliability constraints as a non-convex-
mixed-integer-nonlinear-optimization problem that was named OTRA. For obtaining an optimal solution of OTRA, there is no 
polynomial-time algorithm and it is NP-hard problem.  
3. Network model and system definition 
In this paper, a WSN was modeled by a directed graph ܩሺܸǡ ܧሻ, where ܸ is the set of nodes and ܧis the set of links in ܩ. Each 
message is an element of FF 2, 	 ൌ 
	ሺሻ and can be showed by a binary vector of length ݊ ൌ ݈݋݃ʹሺݍሻ bits. Table 1 shows 
the notations that were utilized in this paper. 
Table 1. Paper notations 
Notation Definition 
ࡱ࢚ Set of arriving links of sink t. 
ࣅࢋԢǡ ࢋ Local encoding coefficient. 
ࡼࢋ The message transmitted on each link ݁. 
ࣂࢋ Global encoding vector. 
ࣆ࢚ Transmission matrix (݄ ൈ ݄). 
ࡼ multiplication of the determinants of the transfer matrixes for every sink t. 
ࢠ Adjacency matrix. 
࢝࢏ Transmit power of each sending node of the multicast tree. 
ࡿ࢛࢓࢝ The sum power of the multicast tree. 
ࢊ࢏࢐ The distance between node i and node ݆. 
࢘࢐ Signal to noise ratio (SNR) for node j. 
ࢻ The link attenuation coefficient with the value from 2 to 4. 
࣓ࢋ Set of arriving links in ܩ of its tail node ݒ. 
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Now consider that source ݏhas ݄ arriving links ሺ݁ଵǡ ݁ଶǡ Ǥ Ǥ Ǥ ǡ ݁௛ሻ, and forwards ݄messagesܴ ൌ  ሺ ଵܲǡ ଶܲǡ ǥ ǡ ௛ܲሻ. Every sink ݐ א ܶ 
has ݄arriving links and no leaving links. Each transmitted message is a function of the primary messagesܴ ൌ
ሼ݌ଵǡ ݌ଶǡ Ǥ Ǥ Ǥ ǡ ݌௛ሽsentfrom nodes. Let ୣ denote the message transmitted on that link. Each original message୧ transmits over 
arriving link୧, ݅ ൌ ሼͳǡ ǥ ǡ ݄ሽ, of the source node . Each link݁Ԣ א ߱௘ ൌ ሼሺݑǡ ݒሻȁሺݑǡ ݒሻ א ܧሽhas a local encoding 
coefficientߣ݁Ԣǡ ݁ א ܨݍ. The encoding coefficients of the links, show that the message݌௘sent on link݁is a linear compound of 
messages that transferred on the arriving linksɘୣof ݁. The message ݌௘can be computed by following expression 16. 
݌௘ ൌ ෍ ߣ௘ƴ ǡ௘Ǥ ݌௘ƴ
௘ఢƴ ఠ೐
 (1) 
Now Consider that ܨݍ is a FFܨݍ ൌ ܩܨሺݍሻ.the determination of encoding coefficients ሼߣ݁Ԣǡ ݁ א ܩܨሺݍሻȁ݁ሺݑǡ ݒሻǡ ݁ሺݒǡ ݓሻ א
ܧሽ is called a linear network code forܩሺܸǡ ܧሻ. The network coding coefficients ሼߣ݁Ԣǡ ݁ሽprovides the possibility of decoding the 
main messageܴfrom the messages received from its arriving links, for each sink17. 
However, energy efficiency is our main goal in this code determination. The valid assignment of ሼߣ݁Ԣǡ ݁ሽ is called feasible 
network code forܩሺܸǡ ܧሻ. For each link݁, the global encoding vector ߠ௘ ൌ  ሾߜଵ ڮ ߜ௛ሿdefined the relevance among the 
message ௘ܲ ൌ σ ݌௜Ǥ ߜ௜௘௛௜ୀଵ transferred on link݁ and the main messages inܴ. However, if ݁௜is a leaving link of the source nodeݏ, 
then ߠ௘௜ equals to 
ߠ௘೔ ൌ ሾߣሺ݁ଵǡ ݁௜ሻ ߣሺ݁ଶǡ ݁௜ሻǥ ߣሺ݁௛ǡ ݁௜ሻሿ (2) 
For each link݁, ߠ௘௜  represents the global encoding vector of the message transferred over link at iteration݅.Automatically, 
ߠ௘௜represents the new data received over link ݁ on routes of length ݅, while the global encoding vector ߠ௘ ൌ σ ߠ௘௜ௗ௜ୀ଴  summarizes 
the information available from all communication iterations where݀ is the maximum length of the route in the network that 
starting at source node. For any other link ݁௜, from Eq.(1), It can be concluded that17: 
ߠ௘೔ ൌ ෍ ߣ௘ƴǡ௘೔ Ǥ ߠ௘ƴ
௘ఢƴ ఠ೐೔
 (3) 
Each element ߛ௘ of ߠ௘ for a link݁ is amultivariate polynomial on the local encoding coefficients ሼɉԢǡ ሽ. 
4. Proposed Algorithm 
Let ܧ௧ ൌ ሼ݁௧ଵǡ ǥ ǡ ݁௧௛ሽ denote the set of arriving links of sinkݐ. The݄ ൈ ݄ matrix ߤ௧was defined as ߤ௧ ൌ ቎
ߠ௘೟భǥ
ߠ௘೟೓
቏that is the transfer 
matrix, and every row of ߤ௧includes the overall encoding vector related to the arriving links݁௧௜of ݐ. The transmission matrix 
captures the relevance between the main messages  and the messages take by the sink node ݐ. Noted that if the determinant of 
transmission matrix ݀݁ݐሺߤ௧ሻ is not zero,then the entered messages can be decoded 18. Therefore, our goal is determine of the 
coefficients {ɉୣᇲǡୣ} leading to a full-rank transmission matrix Ɋ୲ for each sink. The determinant ሺɊ୲ሻ of the transmission 
matrix Ɋ୲is a multivariate polynomial with variables {ɉୣᇲǡୣ}. If  P is ܲ ൌ ߎ௧א் ݀݁ݐሺߤ௧ሻ for each sink,andp is not zero, then there 
is a possible network code for 
ሺǡ ሻ. 19 

	ǤͳǤ	
So if is not zero, then can be found a set of suitable coefficients {ɉୣᇲǡୣ}while the ﬁeld ܨݍ is large enough. Principally, the 
value of ݍ in ܨݍ is bigger than the maximum degree of ܲdue to the any variable {ɉୣᇲǡୣ}.  
The minimum value of a ﬁnite ﬁeld that is needed, is very important. So the number of existent linear combinations defined by 
the value of ﬁeld. the combinatorial structure of the underlying communication network, defined the number of linear 
combinations, and the value of ﬁeld that is needed. So with ܩܨሺʹሻ there is three non-zero pair wise linear vectors of size two: 
start i = 1
Consider Pi to be a 
multivariate polynomial 
in xi ,..., 1+xn
Choose 
Select a monomial P of Pi 
which is not identically equal 
to zero
Denote Pכ(xi) be a 
coefﬁcient of  P Fqi U
Substitute
         in 
denote the resulting 
polynomial as
Return ?0)(* ziP Uiix U 
iP),,( 11 nii xxP !
?ni dnUU ,,1 !
YESYES NO
NO
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ሺͳͲሻܶǡ ሺͲͳሻܶ, and ሺͳͳሻܶ, hence ܨʹ ൌ ܩܨሺʹሻ is in sufficient to achieve network capacity. However, ﬁnd a network coding 
solution over ܩܨሺ͵ሻ or a larger ﬁeld is possible17. 
Flowchart FS (Fig.2) that was proposed in18 presented a method for a multinomial ܲ. This algorithm gets a multinomial 
ܲሺܽଵǡ ܽଶǡ Ǥ Ǥ Ǥ ǡ ܽ௡ሻ that is not zero and a ܨݍ as inputs. Then repeatedly perform placement ܽ௜ ൌ ߩ௜  such that ܲሺߩଵǡ ߩଶǡ ǥ ǡ ߩ௡ሻ ് Ͳ. 
At repeat ݅, the algorithm considers a multinomial ௜ܲ  received from ܲ by replacing ௝ܽ ൌ  ߩ௝ for ͳ ൑ ݆ ൑ ݅ െ ͳ. Then, ௜ܲ is 
considered to be a multinomial in ܽ௜ାଵǡ ǥ ǡ ܽ௡ whose coefficients are multinomial in ܽ௜.  
For each 
node v א v in 
topological order
For each 
leaving link e(v,
u)
Write a global 
encoding vector of e 
as a function
Consider all of 
nodes?
Consider all of 
leaving edge e(v,u )?
Consider
 terminal t א T
Write a the transfer 
matrix   of t as a 
function of 
Identify det(Mt ) as a 
multi-variate 
polynomial inIdentify as a Multi-variate 
polynomial 
Use Procedure FS to ﬁnd a 
set of values of        for 
which 
Consider 
all of sinks?
Return
{         } 
0)det( z Tt tP
ee ,cO ee ,cO
ee ,cO
0)det( z Tt tPee ,c
O
YES YES
YES
NO
NO
NO
start
ee ,cO
ee ,cO
	ǤʹǤ		
If ܲԢ is monomial of ௜ܲ then coefficient of ܲԢ is ܲሺܽ௜ሻ. Since the value of ݍ is bigger than the maximum degree of a variable in ܲ, 
there is a value ߩ௜ א ܨ௤, such that ܲכሺߩ௜ሻis not zero. Hence, both ܲᇱȁ௔೔ୀఘ೔and, ௜ܲ ȁ௔೔ୀఘ೔are non-zero polynomials, respectively. 
5. Performance Evaluations 
In this section, simulation setup are presented to demonstrate the performance of the proposed algorithm. To evaluate the 
performance of the proposed algorithm, a set of 50 nodes and 2 sinks are deployed in a ͵ͲͲ ൈ ͵ͲͲ݉ଶ region. Other simulation 
parameters are specified in Table 2. 
Table 2. Simulation parameters  
Simulation parameters Numerical Value 
FF 2 
Number of nodes 50 
Number of sink 2 
Dimension of region 300*300 m 
Transmission Range 50 to 300 m 
Primary energy per node 5 j 
Gap between production messages on the source node 10 to 55 ms 
Energy consumption to send message 0.075 
Energy consumption to receive message 0.03 
 
As performance metrics, we mainly use energy efficiency, lifetime and throughput that described in following. 
x Number of Nodes: In the proposed algorithm, energy consumption is improved, by increasing the number of nodes in the 
network, compared with the encoding scheme. The following diagram shows the results of the comparison of energy 
consumption in a different number of nodes. In the fig. 3, by implementation of the proposed algorithm, energy consumption 
was improved as compared with other methods. 
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Fig.3. Energy consumption by increasing the number of nodes in the network 
 
x Transmission Range: Energy consumption was calculated at 10 unplanned graph networks, with transmission range, between 
50 and 300 meters, and the average of energy consumption. The following diagram shows the results of the comparison of 
energy consumption in different transmission ranges. As seen in the fig. 4, when the routing was done without network coding, 
by extending transmission range, the average power consumption increases. However, according to the results, the proposed 
algorithm reduces energy consumption as compared with other methods. 
 
Fig.4. Energy consumption in different transmission ranges 
 
x Message Interval: Proposed algorithm implemented with the distinctive message interval. Remaining energy was calculated, 
with the different message interval, between 10 and 55 ms, and at the same time, various methods was done and remaining 
energy was calculated. The fig. 5 shows the results of the comparison of remaining energy in a distinctive message interval. As 
seen in fig. 5, when the routing was done without network coding, by increasing message interval, the remaining energy 
decreases. However, according to the results shown in the diagram above, by implementation of the proposed algorithm, 
remaining energy was improved, when the message interval increased. In general, it can be concluded that the proposed 
algorithm with improved energy efficiency, increased longevity and the throughput of the network. Furthermore, the proposed 
algorithm was compared with the encoding scheme, energy consumption by increasing the number of nodes in the network is 
improved. 
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Fig.5. Remaining energy with the different message interval 
 
6. Conclusions  
In this paper, a network coding model was proposed to prolong the lifetime of WSNs.In multicast WSNs, an energy-efficient 
algorithm was proposed to select linear network coding coefficients. We also propose a solution to ensure that the sinks have the 
ability to decode data. The proposed algorithm is compared with the similar network coding scheme and routing without coding. 
In this comparison, parameters such as transmit power, number of nodes in the network, and message interval is used. The 
performance was evaluated through simulation, results show that our proposed algorithm has better performance compared with 
similar network coding scheme and routing without coding. Utilizing the network coding and energy efficiency in parallel to 
improve the performance and increase the network utilization, is left as our future work. 
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